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Abstract of corresponding document: US61 92503 

A source sequence of symbols is communicated 
over a communications medium by encoding the 
source sequence according to respective first 
and second error correction codes to produce 
respective first and second encoded sequences 
of symbols. The first and second encoded 
sequences are processed to produce a 
communications signal, which is then 
communicated over the communications 
medium. The communicated communications 
signal is processed to produce first and second 
received sequences of symbols corresponding to 
the first and second encoded sequences, 
respectively. The first and second received 
sequences are selectively recursively decoded 
according to the associated error correction 
codes augmented by previous estimates of a 
symbol of the source sequence to repeatedly 
produce revised estimates of the symbol, until an 
estimate satisfying a predetermined reliability 
criteria is obtained. 
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(57) mm] 

^^©V-X^-x^xa^-X^-x^XSISl 

>#;v©$g l * Jrtg 2 a&mfci'->r>z*:%£.? 

% 2 ©fHMs*-*- >x ttasaa *vra©ffl*t &B£ 
u *ntta#»#*:fri<T£3i3na. tsmawtm 
mmmm-anxm 1 *±o»2 owwfc^-y^x 
n-tn^n^-f -s -> >#;i-©8i 1 *«ktf3i 2 ©s©-> 

x tt v -x i/— r >x© ->>#JV©«r©jt£ffiKJ: 9 & 

5*T?-»*;KO«iE«l3£fil£»03gb5!fe-r«. SI 
fcj:t8g2 ©3©~>— Jr>Xtt« 1 ©gflf— r>X£ 

a^a^br v-x->— 5->x©-»#;ko^ i <Dim 
sfliriia-rs^x^ h u ^^©Hif^©H»^Bf)e©«5 

Hfl-TSntflB 2 ©3©->— 5r >X £«#LT& 1 0=y 
>-#)Ve>m 2 ©if n t\z J: DS&WlxK 
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iWBa«w*A*k3a*«fc«»u"c, aflr«**afl«t**r^ treat- s 

iwaa««*a«#««yif* ur, easftfca««***aat-c» i ^.ttf 
jr 2 ©ff^^-*y*fc«i«i#*-ra w^os i * Atws 2 ©smv 
->r * a«flr#*&«^ii: t , 

6t^y#A'©llEjE««**«l9SU»a+saiRS****«t» 

tfrieS& 2(Oi7 -fiHE a-KCttoty-^^^ Srft^fl; u-cm 2 © 

ffiffiaffi-vy'&'i'flyffi^Sttu 
tllG» 1 2 ©ff*fc¥«KJ&* U-C, * 1 * it«B 2 ©*F#fbi'- 
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s>f v*- y - irv^sfr**, flfrte® 1 *j *t«B 2 *>«F*fls¥a 

fem&txm»t&'*x* hy y^sr^-ra^at, 
©*s«*»fe-ra¥ai, 

*i<0g«^-*y*&***« (ma) MLty-^v-^ry^oi/y^ 
>ko» iomap a xtM^-r * mm& thv?* %%±-r z> ^a t , 

«£fcfc»arr<5#afc, 

ttiEa- KC^oti 1 & .fctffg 2 <0g«V-4r < t 

, j»Bl«R*a*¥att:* 1 *s txffi 2 ©Si^^ LXy- 
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0 



a*s** 
* 

jSlHla— K (CRC) ^tf^^^^o 

^{cov^rtft«ft<o«#ira*ft^a¥a**tp^^A 0 

[11*814] f*#*l 3Eio^TA-efcot, Sfeic«-Sft^-^ 
^icov^T^n^HOW^SSaSrftSi-S^aSr^V^T 1 ^ 
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% 1 ©gfi-y-< 'r UrflliUEtfr*-* y-* ^ * © V VjK/w 

y © ->V*/v©SS 1 ©ttJtffic X *> J£3g $ ftfcg? 2017-i 

[S*jgi6] iMisfascy^TA^ot, BfriHB 1 ©3f5t©ff 

WWW171 »#*HBt©^^A-C*>oT, K(1B3tRKtttt-*¥A 

lift 1 ft «fctf» 2 ©£ffi->-^ >-*©'>& < i t>-*S:«^ L-T y-^ y 

mi, m&mmm^sm^mcfcg tti i <o^y-m^~ kic^o-tb i 
BfriB»i©y7 mj*a**sttittB«2©y7 mtfj***afc**Lt\ 

l©ai?HiE3-Kfcll6o-C*l©»flr^-^>'^**-»L."C, MI2^2©y 
7 h b*£-*-6 ^^#A^)W©i8Jt«ii«0fft©flMMatl|l*r«lfc 

$^v^^i4y-^->— >->^©^^^©» 1 ©#t£te$r»£U 

S5fE^2©y7 hw^m^-¥ai4flfrisili©y7 hffl;tj«-f§-¥aKJ&#L-c, 

2 ©rc7-^E=>- Kttotf 2 ©gffiV-4r LT\ flfESS 2 © y 
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iMBaflrfli*«Da*aK«»L."c» sua* i ©317HKE3- kk*otib i 

MCMS 1 *5<fctf» 2 ©**¥afcJS«LTIWBJ& 1 ©**#at> U< BMC* 

me* i ©a^aiiiiWB=?-*ffl*#^awsff u-c, t^*»e>»fe**b 
©s«->-yy^^fLt < sMESB2©a#¥a*»6»^**i*5/^/i^>tt 

SfriE^ 2 <o«**arJti»E* ? -«wja*#a«ys* uc , * c a»e»»£ s ft 

h!) y: !'|CJ;i9tt!SStufc#IIS»2^7-^jE = -Klc : Beo-CB2 

»■ «r«* ur , «r!E« i ©**#aa» e>*£ $ ft* vvuowdm 
©^^^©ftWttvtwfcSft^-ttwiB^^-ttffla^a**?)* 
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CJ:9lt«Sftfc*i*J:t«(S2ffl*=«--K«ctto-C«ijsJ:U ! »2oafll^- 



[1**42 4] »#Jg2 3lB«<0$|g-CfooT, IWBill2»©i/V#A'tt 

I»#3S2 7] S**«2 6E*^e-CfeoT, ^7-^W=- KttJEft 
103- K (CRC) &£trgfc 

[III** 2 8 ] n&H 2 o R«©SHte*>o-c» tttaH?Rtt**¥Sri 

& 

lit** 3 i ] BWWI3 oiemwgg-cfeo-c, * bK#sflrs^-^v^ 

tc-o V ^ XZhZtMOtt^ftM £*5£1" 5 * S Sr&tr Sift, 

[ft** 3 2 ] MRPa 2 0 lEI£©ge-C'feo-C, IWBSWlK*tt»3«tt 
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y-xis-tr^xo i/y jK/KOtt^fllte <£ 9 &!S £ ftfc* 2 ©:t 7 - tfE = - 
Kic^o 2 ©gff v— ^ y * utSS 1 omfem^ 1 ©frJ£<zMfijg£ 

9 &5g£*Wtgf 2 05317-^ E=- K«otf 2 ©gfii'-*>'* £&-fL-t 
>>v#/K!>fS 1 ©«3e«#« 2 roff^©ft®«SJPSr«§fc-r^-i-tt^ 2 ©«i£ 

[S*JS3 3] |»*13 2f3*©»B-Cfeo-C, *JlES& 1 ©frS©fWI* 

[M*a 3 4 ] 2 0 iE«tf>ssg-T?& o iw»*Rtt***att 

©5/^#/u©*j£*&*-*-y7 ma* y? mj*«*^a**tfis<i 

iWM««#*ffl*aws*L-c. *2©*?-4inE3- kh«o-c»2©s 
flti,^-^^tr*-»i-8J(S2©y7m*a**ai:, 
rngEB 1 © y ? y nj*a*¥SttitnE» 2 © y 7 h Htfjawfc wt?» ur. 

A»e>*** tuS y 7 htitfJl:: J: «J itHSftfcflJiESI 1 ©a^-fluEa- Kfc 

<£otb 1 ©*« i^-cnwe* 2 © y 7 b taa**¥aa»e>*£ 

ME^2©y7 nu*«^artiWB»i©y7 nu***#ac**u-c» 

«o T JR 2 ©*fflT f ~{r V* ft** U-ClttB* 2 © y 7 h ffl****a*» 
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2 <D«l;£<I£3B£-r 3$Sii. 
j/^ tXIWBIS 2 ©«*^«*»6*&Sii6 W*^©*© 
h y y * * 9 tt«**ufciWB* 2 KCflEoXJB 2 
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£it S ftfc«««»«r*« LT £ 1 *5 J: IMS 2 tonWt^-ir tttiZti 
[H*3S3 8] S*^3 7Bt©*S'CJbot, 

* 1 (D^y-m^- K«j£oT y-* V-^ V* SrflF-lWb LTfB 1 <Z>W» 
ft 1 *s a tfB 2 ©ff-g-ft 4r v * *r«ai" £ SfTE * r y 7° tt* 

®2cd^7-^jE^- Kt^oxy-^v/-^^^^^f^^itil2^^y^ p t ;:: 
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(ma) i^uy-^^v^ow* 

[11*314 3] »#*4 2|S«^**-CfcoT, «TlB»2»^^^sR/Hi 
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aSB^— K (CRC) Sr^tf^ifeo 

« l <o«3E«^« l <&« WEWt»fctWi:W:vy#^©!|S l ^ti^fflt- 
*Lfc* 2 ^ 7 HSjE =3 - Kfcft o r ffi 2 ogfi zxyy? 
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[tt*45 3] M&65 l|»©»jSTffcot, flWE»l©2flr^-<r^ 
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[o o o 1 1 

[o o o 2l 
06H<DHf*) 

[0 0 0 3] 
[0 0 0 41 

*IS-fe y b ©BSr^o* 5 SflfcES'J-f * - t * S "CS So 
[0 0 0 5] 



-15- 



fc^lc, (D^tA^^ h y - ArtT? w#yu*SWff«-tt-r v*- y 
5 0 ^-^O^HWfWJBS, 4 4 6, 7 4 7*tcettS*VO*S -fc 5 7^ 

«I2©3- KSrfMU Lrm 1 * -fctf* 2 ©«F*flS L,fc* h y - A«r»£ U 

[0 0 0 6] 

[0 0 0 7] 

ffiftLtcZbfrb, minority-* *>-4r>x £ 9 
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[0 0 0 8] 

$£{i!ig&tcg^Ty-*y-^y;*rt^^ 

i & ii;* 2 4ry^ds*fesn, jry^j&s* i fc^t/m 2 <© 

[0 0 0 9] 

*3SMlcao"C, iift^^Att^l *3it5IK2«)#^9— tfjEa — 
K«£oTy-*^-^y*£^^ 

2 KKfto-t* i *s zxfm 2 ©aw^-* y* *aiRW^s«a# 

*»9 3SL«&+*, 



-17- 



[0 0 10] 

9i 1 OttWfc^-^* 1 0>«F*flS¥«* *S J: If* 2 

2 ©«F*fl:#a lOStfSr LT^l *5 <fc tfgl 2 0>49F-IHfc ^ > X Z fc LT is y 

tasgLT£ifci/-^y*£&^ 

y-trv^Lr^v^-5-^Lfcy-^^-^v^^Dffli-^^-y--^ 
y ^#a«r£*, » i *5irf» 2 ©«F*{b*a©-*ttff*{b¥afc** ur^ 
y ^— y ufc y — * y* *ff »ft1"* 0 

[0 0 11] 

1 3WlEtt**¥atta«ff#«ffl*aic«:« l-c® l <n*y- 

, *s j; u^iififfi^s^atcjc^ lt » 2 y hike = - raso -ess 2 
«v-^^fca#i-s*2©y7hii}*«*^a«r*tp. fgi^yy 
##ar*ft 2 © y y b m***#ate«aF tt* iD^^^tL^yybW^ 

u ^2oyy ha^«^#at-<fc9 3&££;ft^yy^ 
ffiK*XJpSri*fcS*v^*&^tty— ^-y-^y^o-yy^co^KDit^fig^ 
»*-rs 0 I2^y7 MH*«#^a»»i<oy7 mi^tt^atcjcsu-c* 

J; 9 »fe S * y 7 h «c J: 0 tt38 S 2 ©31 7 -£jE a - K«£ o 

r» 2 ©g«-y-4r y * u % 2 <o y y h w*a#¥aic i 9 $ 

[0 0 12] 
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X% 1 <£>gfr>— ^ SrS^ lt y — * V— 5r y^oi/y^Kl^i 

-r *b i o«^#a ^ , aflMt*»i¥a^*» l-cb 2 o^hsfje:*- 
2 *>«#f« t , * 1 *s 2 <D«##aicj6«Fu-c» 1 

at L< tt»2 <D«#*afc <fc 9 *&$iiS«SttSra*b-C«l3e»C*H-5fi 

*at <t *> s tua ^ woit^ii^^ffiwasflis: wfc $ - 
?Hftu«#^aa»&*££fts«*«* h y * ^a^+it^fctty-*^-^ 

[0 0 13] 

gu<o»»icLfcdSo"c, a«saa-g-#attSBi<os«^-^^^s:***« ( 
map) ^ it y-^ y l «oma PiSifc iu^il 
■fS««S^ h!J 5¥a, fc^tfMAPa^aiOC^LTS^tf) 
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[0 0 14] 

y#^o*««s:»fei-5¥a«:^tpr fc #-c* s 0 »*Ra«#*attiis 1 *s 

J: X*m 2 <D$9i/-<!r>'X ZWm.^ LT y-* v—^ V * (D^ 2 y 
[0 0 15] 

**sx?j*\t^-mft=-Y. mm, miniK&^-h* (cro k^ot 

y - * ^~{r y * Ltxy Hfttti#-JHt y ^ *3S*-ra ^ 9 

HtfJ*fc¥a 8:^ tf - 1 1 * . ft^immtm l&£Tfm2<D^7 -t^E ^ - 
Ktc«o 5 Hft ffi49#fl^>-^ SrW^k LT* 1 *3 J; t/» 2 ©«F#ft v 

[0 0 16] 

, mm, »v^«*»ft*^ssfs^-^^wiosr*»^«#'rs¥a«: 
^tf 0 *gft^-^y^^»ra**t^ftw«#^*ft£i-s¥afca»a^ 
* a*-c# * 0 atRR««*¥aw:*fc» i ©g« y* u-c y-* v 
-^y^co^y^/Kom i <D«£tt*3K£i-5*at>-&«>;: i*s-ct , * i om 
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>v<o% 2 <oji£fli&36£ u *svx;\>o%i 1 omfemm 2 ©ames* 

-tlM-KBrfcoMMBi J: 9 &5S $ ft fcSS 2 ©^ 7 H* 3E =» - Kfctto T JS 2 © 

[0 0 17] 

38£-f 6 i t K ± 9 . afllllS**:* LTS'VffA'© y-* V— : Jr V* tffiftl * ft 

5. mi*JJ:O t ^2©!!5F-i-{li^-^^^tt«La$^Ta«ff^ll^Sn, ^ft 

H:RcaflMt*sr^u-ceas*i6. fca£ftfcii«{t^tt©a£ft-cj&i*5<fc 

xm 2 ©^fc^*y*K:*^it#Jfc*6^#*'®* 1 33«fctfB 2 ©g^f 
Srv;^f&££ft5. »i*sJ:t«B2©gfflr4^-^^tty-^v— Jrv^ 
©v^/w©SJ©«l!£tttJ; •)J£!i*ttfci8a-r5 ;:t 7-tf iE=»- KKfiEo-Cii 
K»fcE*«* 5 ft, Bf 36©«i«E»***fc"*it«*!» s * 6ft 5 * V > 

©*£**«** u & L?§£-r a. 

[0 0 18] 

$ 1 ©Sft->'-^^^*>fc«^-l-^>'-^^-^ v ^ wi/i/zH/V<D * 1 roit 

©9fj£©H!BcA5gf)S©«SH^'C*>ftW:SI 1 ©^v^/k^JS 2 ©*6S«Sr» 
3rf £ ci t ici 5 » l *5 itm 2 ©i«i/-*i';*«TWlttfcK*«*i-« r fc 
as-ets. n*ic, *1©»I3^*:'****** (map) «^L-cy-* 

i/-^v^©wjK/w©» i (DMAPmfcu&zvMm-t ztsms.* vvvt* 

36* U IS 2 ©gftf— V* 1 »MA P JfUtttCHS-r 5ff 
^Uly^r dS3f ^©<6iB^- _ e*>ft«^ 1 <o%/-yif^v(D% 2 ©^ffiSrH*-f S i 
t \c i. *) ^*s-^s**mm\m.?t1rz> - 1 So **&©9J©«fStt 
«ot> Si^±t5S2fflx7 -use 3-Ki:*oty-^ v'-^ ©«F*fls 

V— {r ^ ^ y-^ -V— y V * ©-> ^^©ft^ttfcfS* U ^icm 7 
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7(Dv/yj|?/wI l <0*£tt*#±-f S - fc W-fB i o«£ffl[*5* l o 
««*S!|i*»fc-r»&tt l <a*£Wc J: DiiKSftfcSS 2<D*y 

- Kicttor* 2 ©gfrv-^* ^ffl^-r 5 r. t a*-?* , m 1 <omfe 

[0 0 191 

(#4 L^SIli«^f¥ift*RW) 

[0 0 2 0] 

m 1 ^**w^ttofca«v^7' ^ 100 £^-fo iiftv^'r a ioott8i 

:Jo«fcU^2<D&^7 — tfjEa— FiCtoT'>^Vl 0 5 <£> * £ 
»*ftUr*l*3J:t^a2<0#»#flS^-'ir^l l 5 a, 11 5 b &%&r& 
«F#-fl$¥Sl lO^tfo mi*5J:O t SE2^-^ft^-^^^l 15 a, 115 

btt«ffi^v#/^s^»i 2 o(c«t v t&mztixmm^ 1 2 5*3s*b*ix 
1 3 5 ttiiWffi-^aa^S 1 4 0 tc «fc 5 j&asavtSS 1 is ±tF» 2 ©ft-J^b 

Jr^l 15 a, 11 5b\Z%J&i-%%lt$ZXf9S2<D$:iti/-lr>'Xl 4 
5a, 14 5b^it5o y-^^^©W#/H 5 OOjISil 5 5 

&fls0ttn-fc»fc:, »«?saa*^ai so^v^^owcoti^icj:^^ 

$ ftfcB l *s J: W» 2 cd 3-^ ^ -<£jE = - Kfcffio T» 1 *3 «fc » 2 cogfi^- 
^ry* 14 5a, 145b *sa«*bt, ^©WIBflESflaSriOfc't^^^ 
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[0 0 2 1] 

33£#4fctf#*fls#ai 1 o, iifti/yaRywjaa^ai 2 o, 

#ai3o, a«flHHo«#«i4o, *3ii««R*a*#ai 5o«**# 
(dsp) ^y^w^Bft^-K^^r-eiifTSixa^-A^ar, 

ttt©«l^B:*«EfflUT*a+6r4:*-Cf 8. iIffi^#M&g^ai 2 Ott 
-r/i/f^i^iK 'fy^—y — rv^^^/r^-n^^^— * (D/A) , 
KM& »oz£<*ffl*^6a«3!#t^tP^fc#-e**. «F#fl^ai 1 0*5 

jitfiiw^^/n&a^ai 2ooam wtn mfemmmm (as i 

, 5*?*4il*IWm»«S*fc9+5ri!fts-Ct5. iifll « #3i« ^a 1 3 0 

o 

[0 0 2 2] 

oay-^i/-^^ 1 0 swWiUftik^^a ^©a^**"rii««* 1 
2 5Sr»fei-8*M«F*(fc«IBt3BK1-8« 0 2JcBibT, ffft^l 1 Ott 

jti 12^0 ^KfW^-y-tvmi 1 4t?>f v^-p-ev 
^tfc#-e, ^2^^7-^E^-Kt-^o-cy-^v-^^^i 0 5^ffb 

2©«F-g-fti/— ir^^ 115a, 11 5bli*lft¥Sl 2 2 (C J; <9 £ ft 

««¥a 1 2 4 t?«yi5*vTafi«*i 2 5 a e iwiebfcj; 5 \c ff* 
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[0 0 2 3] 

s+ 1 *mi«-ctt. a««#*j±tf/t> t< 1 3 0 ic«t 9 m 

mc, 3 5ttff*L-<tt*as¥ai 4 2, ft&^/wasj; 

5 a, 115b CM«S 1 *5 2 (Z)§fli/»>Jr 145a, 145b 

a. 

[0 0 2 4] 

H3^*ti»#fba««*«ra*r**«3 o o<o**«-ett, aRR*a* 

¥S1 5 0ftmi^^^2^^7^]E3-K^or^€n^l^J:^ 
S2(D§f|V->ry^ 14 5a, 14 5 b Srffi^-fSfg 1 *3 <ktf!S 2 <0V 7 hffi 
AH*flSl5 2a, 1 5 2bfr*tf. »l*5J:t«S2<D#y7HU**-8r^a 
15 2a, 152b H*Jx#»^1-a V^#/Hft^«©«*flESr*i"> r 7 bffi* 
153a, 1 5 3 bSr»fei"So hffl^ffi^ai 5 2 a, 15 2bA»&© 
bfctWl 5 3 a, 15 3bfift*«)tltfai5 2a, 1 5 2 b—^M^tt 
"C*l*3J:tffS 2 14 5a, 14 5 b ©fc^SriMR-ffc©^ 

[0 0 2 5] 

a«#46««l*5J:U e *20y7 HiJA«*^ai 52a, l B2bll^< 

i&l*5j;tf#2<oy7 bffl^a^ai 5 2 a, 152bW*»MO«SA 
3as«9SWfc^yf-^«<o*H»fFWKIIl0 8/6 9 9, 1 o l#KB*S*iT 



-24- 



sf^-y-m, ***;h.avv#A'fc*H-8***« (map) mourns-. 

%<0 "Optimal decoding of linear codes 
for minimizing symbol error rate" (C|E<£ 

ijxa (sova) trUWi-a***^-^^^***^*^ 

^^^m-r^y^Mcnn l-ck, « 1 * * c«s 2 © y 7 h 1 

5 2 a, 15 2 btt^V#/Ht3e«©a«Ift?Slllfl=«-ltfcff 5©fc^K4a«* 

S^lftrJK "C ommu n i c a t i o n s Systems and Met 
hods Employing Parallel Coding Witho 
ut Interleaving" 1iZ.t&ZtlX^S&jmWtttt&R-Ct 

[0 0 2 6] 

4«WKfltofc»JoMt«!»«H4j8iO«5KIE«4*i."CV^. ai?-lfttH«F 

-t-fb^Sl 0 2^9-^W = -K, WAtf, JCJBBI§I=»-K (CRC) 
ry _^, i/ _> r ^ x 0 5&ft%-itl>Xx-7-tiilii®^ti>'->r>X 1 0 3*16 

^kSH^oiifs^vsRA-saai^ai 2o-e&astvc, w^ti* 02-eift^L 
fcaflrw-g-i 2 5 4r?6^-t5o 0 5icgaL-c, easjtfcaftflMS-i 3 5&&*§- 

1-5giI5 0 OiifcgSftfcilftftf-l 3 5**Mb-ClMBl/fc<fc 5fc*l*JJ: 
tflg 2 ©JHt*'-'*- ^145a, 14 5b #*fei-*afll«*»a#* 1 4 0 
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*fc**i6ttWRRtt***« 1 5 0 <o£ 1 *3<fctfSS 2 efttt***: 2 

5 2 a, 2 5 2 b-e«^£ftT^#A'!fJ£tt2 5 3 a, 2 53 bt*tti. 
mi33^tf^2<om^^.2 5 2 a, 2 5 2 b t*3it5S«S#«r^i"*^» 
cOftSSp' h y &3S£-f SfcfcK, W#/Ht!£tt2 5 3 a, 2 5 3 b ttH 

ft(iiOT?«2 5 4 IC i D £ bfctt*3iVCS'l'#>HtS«[ 253a, 253b 

kcK-tzmm&t M) y * 2 5 6 «s5rt-s. * i *s J: tag 2 ©*#^« 252 

a , 2 5 2b <T>-Htm 1 *3«tO!»2 <0317-«JE3- KfcflEo-C**i«l* 1 
*5«fctfS52<Ogffi'~ ^VXl 4 5 a, 1 4 5b£&#LT, HJl *I*1«II2» 
«9¥ft2 5 2 a, 2 5 2 b©ttoiJ»fcl8£3*Vfc1»©aM*fc»LT»£Sft 

yHCJsfi- 5^^#>'HtS«2 5 3 a, 2 5 3 b £H£-f 3, 
[0 0 2 7] 

^^#^5>«mi*iiU ! ^2<D^#^@;2 5 2 a, 2 5 ZbttSt?*ft^- 

% 2 ©«#^gi 252a, 252b ft*sVi£)Vmfem>MWi.WfttttKXM f £ 

IfUJEfflK *C ommu n i c a t i o n s Systems and Met 
hods Employing Parallel Coding Witho 
u t Interleaving" K1£MiSftX\^ t. 5 Wfi«Lfc-f V*- P 
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[0 0 2 8] 

<fcU^2<£>£g«v'-^V;* 1 4 5 a, 14 5 b S-t^*l^«*«H4 1 

4 5 b fc^6*ti*hxo«*atf tftj^ sff*a*ft£#a i e o a* * 9 a 

*tt4*»«r#«L,TRJt&ix-C^5. iI&Kffi3[^#ai 5 0ttflt» 

14165 fcffiffl LTSfS 1 *5 J:tf» 2 (DflHJr^a 15 2a, 152b OV^-f il^ft 

#jt-y-*^-^* l 0 5ft<ois>tf;u<omfem%&±irZ>fr$:&:fe1-i>zb 
*-C*S. «itf, ±9Kwm»5MCft*-*-5a«^-^^14 5a f 145 

[0 0 2 9] 

^a^g^n- KSttS 3 XtTa-*^* ^7^i LXgfrtS - i * s "Ct 
J; 9 MkfE* r y 7"^ = > tr* - * * *yiSS«-eS61S LT = v t° *-*>f 

[0 0 3 0] 
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^p y ^ 7 0 0) . y-x*s-*yx\*%i&£x}%2<D&*y-miE*-}!\z 
^720) tntta«K#sr*tTea**b5 (^^730) . y^x, 7 

K&at^tvCfg 1 *5 £Xffi 2 ©«F#ft^-^^iC#*'r6* 1 ilMB 2 OS 
Jr^SrJStrS (^^ 7 4 0) 0 » l*5±t/fB2 Jrv^ 

[0 0 3 1] 

© 1 o^Wc££o r , ft 1 & £ tfft 2 Ogft v—^v* £ ilJRft 

<£>ft 1 Otg (7 o y * 8 1 0 ) o ft 1 <Z>«3t«*BfS«>«**S 
»^|cH:*10JteitSrW*-r*rfc*"C*5 (^^8 7 0). ftl^J££ 

, i/v*/u©»2<ote3£il[**fei-5 (^^ 8 30) o 3*#4&tf»i<o 

5r^tcJ;^m2cD^^^^1-aw^^"C#5rt^« , 9-C&6 5o mi 
^ 8 4 0) , tft*lil*-fart*S'Ct5, Sfcft<tf* il^Sfl^^ 

w***six-r^v#/u©«Lv^s«**±-rs (^^ 8 5 0) o m^m 
(?>mm&&TXh£ti (^^8 6 0) , m&<osm&s»i:»i^rm'&m i 
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[0 0 3 2] 

i o softse'^^u yttii^mfai 1 2«cj:9**sna^y 

Wi] 



-6 n t * So * 1 ©a#^a 2 5 2 a 2 2 5 2 b^ 

[*2] 



Ml, f2(^g^2 5 2 b^»l^t^2 5 2 a fe <DtiHfr?iKB 
1*3] 



xfe\fcut£ 

[0 0 3 3] 

mx^. »i©atfa2 5 2afi*2©atfa2 5 2 bd»b<ofioit*L 

W4] 



SrSttAftSo 1 1 f 1 2 5 2 a ^filSDCfi^t ^ 1 1 Lj <2) * 
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9 P)(0)= — I — 



£ 1 2 5 2 a liRK If y b x t KSf-fSiSJ* 1 ^ ^ ^ 4WJW * 

> 

[*2] 



rule, 

1*3] 



(1 > >liix ,=OSr^L«l , <l) Slttx 1 = l*^i". »1 
&2 5 2 al4 "fifcW" flWL 
[3&4] 



13 .fctf "^t-SKi" ffitt 



/CD 



[0 0 3 4] 
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*2oa»^a2 5 2 bttia«tc»^u *i©a*¥»2 5 2 a 9 

W4] 



5©irai:*ftt?»2©«-g-^a2 5 2 bf±i t (2) jsm, (2) *w» 

4 = Lttl 1 (2) ^Otix ^lSrS-T, 82<D«f^a2 5 2 bfi^ 
HWttL i (2) Sril9flr«fcLr»l«)a*#a2 5 2 a^aS. Log-i 

[0 0 3 5] 

H 9 ic^l-ftftw* y ^—y 3 y tc^ov^x, 8 8»»i*3itf»2 oSfSs^— 

•ra (^^920) o %i<Dmfem^fe^m&&m$:ffitc-fm&wt ( 

^d>^ 9 3 0) , *S«Srffl*-fartdS"CS5 (^y^8 0) 0 ^5"? 

9 tt« S ftfc * <£>*f*J&-f £ ^ 7 -«TE KWoTM^ ti/"C V jRyK0*f L 
V>if£<fi£3S£-f* (^a 2x^9 4 0) 0 ©«tJt«iH«fc, *rL^tt£« 

*rLV^£ttt»*-r*<D|j:ttfflSix (^n 3^9 6 0) , Rfc: r 
*h£;h/r (^^ 9 7 0) Sb(ca-g-^iK«t?*5!&^5dH»B*nSo 
[0 0 3 6] 



-31- 



[0 0 3 71 

^qyMOOO) tt*l*5j:O t »2 0i/-^y^<0'>*< it— **r*Sa« 
J; 5fc, »Rttl-R««*b-c (^^1020) y^^y^wl2SI 

[0 0 3 8] 

[Bl] 

[[£12] 
[113] 

k«o fearer* i sijK««iiseofcaRsaa*sr^i"iao 

[B4] 
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[0 5] 

m 0 

me) 

0o 

[07] 

[09] 
[01 o] 
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4jB 
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IM2] 
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CD 
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[05] 



O 




o 
o 
10 
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[H6] 
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[07] 



700 

/ 

Communicato 
oourcc sequence 



710 



Cncod e source sequence accord i ng 
to first and second error correction 
codes to produce first and- ■ 
second onoodod sequences 



720 



P rocco3 first and second 
e ncoded sequences to produce 
oommunicationo signal 



730 



Commun i cato communications s i gnal 
over communications medium 



740 
/ 



Process communications signa l 
to produce first and sooond - 
r e c e iv e d se quences 



750 



Recursive l y decode first and s e cond ■ 
roooivod soquonoos to produce estimates 



of symbol unti l estimate having reliability 
within predetermined range is obtained 
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[IS 8] 



Rocursivoly dcoodo first and 
cocond rec ei v e d eBquonco i 



810 



Decode a firot ono of rocoivod - 
ooquoncos according to corresponding 
error correction code to produc e fir s t 
e stimate of symbo l of souroo coquonop 




■ Decod e a second one of roooivod 
s e quence s according to corr es pond i ng 
orror oorrootion code augmented by first 
est i mate to produce now estimate of symbo l 




Dccodo tho first one of rooo i vod 
sequences according to corr es pond i ng 
orror oorroot i on oode augmented by second 



estimate to produce new est i mate of symbol 
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[09] 



/Recursiv el y d e cod e f trst-antfV' 
\ pooond roooivcd sequences - J ( 



■ Determ i ne respective signal 

strengths for first and 
- second received soquon 00 9- 



910 



920 

s 



Decode received soquonoo having - 
greater s i gna l strength to produce flret 
es timat e ot symbol of source sequence 




»1 wx*.**WU->r-x 

A% Tift.- fc- ^ft £-> S A 



Docodc sooond rcooivcd sequence aocord 
-ffl g to corresponding error oorrcction codo 
augmented by first estimate to produco- 
_ - new estimate of symbol 




Decode tho first one of rooolvod 
sequenc e s according to oorrcopondin g 
error corr e ction codo augm e nted by second 



estimate to produce now estimate of symbol 



Ti-»*ft 




-42- 



1000 



Docodo first and occond 
fCGoivcd Doquoncoc 



*1 #-Vj|»2«^ftt-^A 



1010 



Nonroouroivoly dooodo flrct and oooond 
ooquoncco to produce ootlmatoo of firot 
group of symbolc of source sequence - 



1020 



Recursively docodo firot and accond - 
ooquoncos to produc e e stimatoo of sooond 
■group of symbolD of couroo Gcquonc e 
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WtUB] ¥*1 2^23 1 4 0 (2 0 00. 2. 1 4) 

MftjEtt*«B41 #1TfS#©«511 
HUE**] 

l#£Fi»#©«SB] 

[!S*S1] ii^^^A-e&oT, 
JRl»J:Ui|||2©**9-*jE3-Klc*o-cy-^^-^^ (10 5) «r 

^bU-Ci/y^© j e^tl»l^J:O t *2©^bV-'5rV^ (115a, 

H5b) $r36^i-5^-tft^ (no) 

Aim* (12 5) tjtei-saflrs/v^/nsa^a (120) t. 

*iBa«*i'#/MM*afcJ6*L-c» a««**a«K#*tfu"ceai- » 
ffiWm-iHf^®: (13 0) i, 

mra««*»M«K£SL-c, eas*ifcaflr«*fc*«Lt:* 1 »xxr 
% 2 ©4f^>~ {ry^cw^wts^^os 1 *±tf» 2 ©s«i/ 
-tv* (i4 5a, 145b) **fr6a««waa*« ( 1 4 0) t, 

iWBa««**aa#«KiS»L-c, sfHB»i*3J;u t »2©i7-^iE3- Km 

**fei-«a«s(M[f^a! (150) mtsa*iK««#*att»i 

W3 :9-gnE3-Kt>U<ttllS2©3i?Hli]E3-K©#lSi-*tt*eA9*l 
fcV>'#A'©*jatfc ± "5 fitfiSftfcfS 1 ©*?H)EjE=i- Kt» L< ttfS 2 ©31 
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ft^b->— ^y^tr»4-r6»i©ff*ib¥« (112) 
«F^fl:i^-^^ft»±i-6JB2fl3«F#{b*a (1 1 6) 

fifiEffS 1 * itHU 2 rotf*fc*afcfc* u-c, * 1 *s<fctf* 2 o«F*fls^- 

) 

^a (1 24) t. 

y* %n^ktz>^x7-j*„ 

«)«i*itt»4-*-4#at» 

' Hi (MA) WjrLXy-x*s-1r>x<D*s*# 
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. HBWRR«a-»*aB:« 1 * itf» 2 ©SMIi^-ir^ trE««*U-C y- 

* c,~5r 2 H © vsJVw?#t!£<I«:36£-r 3 a„ 

53i9-*mw*ft:#a (102) 

IMEi|»*flS*«ttl!WE« 1 * 2 ©* 7-&jE=- KK«o-C3i?-*ffl 

(2 5 4) i> fc-gtr^r^. 
[tt*10] |(l#K9B*©5'*7 % A'C*>oT, a^-tftffla-KttJC* 
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280=1— k (CRC) £rgtr>*ri*o 

^lcov^rtftWo«*»tt«r*S1"**« (16 0) fc^ir^r^c, 

[fftsj&S 1 3 ] ft*S 1 1 IBil^^T 1 A-efcot, 0* L^«#*M4S: 

v^(co^"Ct*t*tt(D«S»»*fcft«i-5^a (16 0) *r£tr>;*^*. 

com 1 <o}|Mt»tt8*« t , 

fc» 2(DX7 — f^IE =3— K Uifig o r fg 2 <0g{r>— 5r V * Sr«*f 5 , 
HfcJSSl 6] 5|5«ov^rA-Cfoo-C, BftlB* 1 ^BFfSoff 

tt* l *3 J: t«S 2 o§f^-^y^^>^ < t y - * ^ 
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tWMtt«<HQ«#aia«tftL , t» 1 <n*y-®^- KfcttoT* l <z>§^ 
^-^y7.SrS^-r5^1<7)y7 HH*a**a (15 2a) i:, 

tineawff*****^** tt$2«i7 h*je 3 - kkaeo t * 2 ©aw 

^*y*fc«<W-5J|2©y7l>Hi:*J**#S (15 2 b) 4, 

ames 1 o y 7 h m A«#¥»Hn»B* 2 © y 7 h utfj**#afc«* l t\ 

1 KK*o-C»l y****L"C, W!E82©y 

mm 2 <d y 7 h m****«ttiiWBJB 1 » y 7 b u^afl^atisa: u-c, 

2 ©:s?HIEjE=»- Kfctt 0X8 2 OSflt?/— {ry^*ra*b-C, MIBIB 2 © y 

£ ft i ^4&-&!c liy-jiv-yy**)*' v# /«^>* 2 toftj^ie £38£-f 5 V* 7 1 A 
«a?-*U«PWb** (10 2) fc**, 

tMB*RE*w*#aH;» 

wS i t , > _^^^^^LTy-^^-^> / ^»^^ 3 i i; ^ ,0 ^tt^ i " r;5 * 

l©«f-#a (2 5 2 a) t, 

«rcatt«*iea#aiy&ffb-c, s i ©^5-0nE=i- kk«ot* i 
Ws/ -^^ta#Lxy-^s^-'*'^<o^^^©«3e****^** 2<D 

fc-g-^S (2 5 2 b) 

striae i * J:tf» 2©«**afcfc»i/ttinE* i ©***at> t < 
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:x.5-*ttl**¥8! (2 5 4) fc**, 

©Sflr^— >-v^*r**L-C, IMB*2©*^«*»fe»£3ft*^#' 1 '«>*l 

iSftSffffia/- h 'J s'i'as^-tifra-Jclty-^V— jr^©^VJj?^©f51© 

sflMMw hi) -y^t-J:>)ie:3i$^fcfitriB^2©*7-^E='-K(- : eeo-cB2 

©***iW^©««l*»l»**fcSfc<'^ 

ft)gfli&38£-t 5 -> * °r A„ 

ft V-^V^t*4rSIISl*JJ:t«IS2©#a:5-ieE3-KKao-C«F*ft;* 

&m $ ftfcaflrflr*fc»a u-c® i *5 ± u» 2 ©«f Hrit*s-<y 

»JS-fS'»'^K^*l*J<tU t * 2ro Sflt^— (14 5a, 14 5b) * 
»£1-6a««*»S#» (1 4 0) fc, 

flUEiifift^a^S^fS^ ur. IWES& 1 *5 it«l 2 ©^7-#SiE=- Kfc 
t£o Tig 1 * ± Tjefg 2 ©gfti'-^ V X &mW}K-KW9.%r L."C3f ^©ftSSS 

**fei-*»RS««»#a (150) -Cfcot, Jgl©3i?-*jE3-KtU 
< JtSB 2 ©^ 7 -<£ IE =» - K©*tJ£-f $ I- £ f B 1 «>£fi ^ ^ ^ t, b < 

9&!g£*ifc» 1 ©3i7-<tIE3- Kfc U< tt*2<7>*9-^iE3- Kco^-T 
5-^(^oT^l<0SftV-^^^ , bl-<(**2OSftV-^^^<75-*lrm 
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is*** 2 1 ] s»#«2 o&mnmmthir, iwawisa«***»* 

WB»*a#¥iH!yS» LT . * 2 ©Sflh^-* «:«#■ LTiS 1 

* »ioaflrv— T^**%L-Km. (ma) «#b-cy-^i^-«'v^©5'v# 

A P LT, JB 2 OS«5^-^ ^ *M A P b-C M A P » 

[M«q[2 3] lt*«2 0?E*©»«T?fc-5'C^ §&fcBW1-5*?H* 

iEa- KfcfEo-ClB l:|3J:l8IS2©£«5^--4r:'*©^tt< £ h-UZftK®® 

IWffiW4K8MK**att« 1 * ±tJW 2 ©SATS'-*- 1'* Sr5««^ LT y-* 
[B#®2 5] H*^2 4iE*o^fi-efeo-c, flfii2oy-^->-^>^ 
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(2 5 4) i:, 4r*tf«lfc 
(CRC) £^trf$go 

go 

lcov^T*tb€no«»«M4**3ei-S#a (16 0) S:*tfK«o 
ico^r^lxW^W^KaSrRSi-S^a (16 0) «:<&tr*«o 

* vaow>* i 2 <Dm^inmmmm^mtzi'm^\am 2 
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i & iV* 2 ©gATf—fr y*©'>ft < fc tr y-* jr 

©vy#/w5«*«*»+y7 uaataflii-sy? h u 5 2 a 

, 15 2b) 

[M«K3 5l 8t#JS3 4!E&<D&B-?*>o-C, IMEWRRtt***»l* 

ftV-*y**«^*J»l©y7hH«J«**S (15 2a) 
fl|t^-^>/^«r**+**2©y7mi***** (15 2 b) 

-c* 1 ©*«$'-*•>'**** t-cmian 2 © y 7 h 6*4 

— {r v*©*v#/i'©JS 1 ©*t£fit£8£U 

2 © y 7 h WA*-»*«BnttB« 1 © y 7 h tua***« fcfc* u-r , 

*o -CHI 2 ©ft«5/— *** LTOTE* 2 © y 7 h ffl 

£ hi i/ y#/p©l»©*«**Bf«©«WHW**fc $ *i» y-* * 

-^v*©S/^#/w©Sf52©$£«&*£-f S£fi. 

l©«-t#a (2 5 2 a) 
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2 ©«•»*» (2 5 2 b) 
WtSX 1 *5 .fctf® 2 ©a»#«fc*ff LT, ffiCff 1 ©&#¥©fc L < fiflflffi 

Sa^-tfcttiffi^a (2 5 4) 

SteS** HJ y^KJ:91t!S*JlfcimEJ|20*?-<*]E3-KK:|ieorl|l2 

SB 1 *5 XXffi 2 ©^y-tfoEa- Kfcffcof S'—Jr^&flF-tfl: Lt 
^^*/i/©»l*3j;O t ®2©«-^{bv'-^^Srl6^-r5^'r5'^ (7 1 0) 

7 2 0) t, 

miiiigttmtsmftzfti'XmmtzxTy? (730) 

M(£;t5i'y#;v©Il^i«2Cgii'-'!r^«:Mt5^Ty^ (7 4 
0) i:. 

MfaiB i *5 2 »i7-«E3- KCSEo rig l is xxtm 2 ©gffiv'-y 
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7 5 0) "Cfco-C, ^1^^7-^jE=i-K 1 LL<^2(D^7-^IE3-K^ 
a - Kfc L< fit* 2 C0^y-^IE=3- K©»lSr 5 *C* 1 ©Sft^- 

fl^-^y*£f&3rf (1 1 2) 

$ 2 ©^HIKEa— Fl:Sot y— ^Stftltl 2 <0«F* 
ft^-- Jr^Srl8fe1-S^7 t s'7 p (1 16) Sr-t*. 

m i & £u^2 ©^{t^-^*^ 

#fiftS/-^^*»3lUTii««#S:38^5^7 i y7 p (12 4) £ 

[fS*^3 9] »**3 8B*^#&"Cfco-c, y^^y^H^ 
^_y_^ y ^ L x>r^^-y "^Lfcy-^i/-^v^$r^'r5^7 i y7 p ( 

114) *s»2©^5— tfjEa— Kicttory— ^v— ^v^*w^ki"*ttia 
-r aniE*^ y - y ufc y-* v * srw-tfls i^xm 2 <o^f 
ISM4 0] 11**3 nsMo^mxhoXs aRtt^saa*i"asif 

* 1 ©Sit V— -ir V* %Mc±'&^ l>Xy—xis—4r>x<0 f V#/W>£S 1 
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*10gftV— {r^S:**1F« (MA) Sflty^^^O^ 

4, 

IE 3 - K tctto r* 1 *3 J: 2 <og« 5/ - 4r ^ * ft < 4 t> 
flty-^^^^^iif^^^«3ll^ts^r^^ (l 
0 10) ^ttJcRtKa^SttB^^y^ttWl^J:^ 2 <^gf» 

*-Jr X * y-* V— Jr y * Off! 2 #OS/^*/KZ)Jt3t«[Sr5l4-r 

Z**ryf (1 0 2 0) 4r^t?*& 

[fit#*4 3] It*«4 2Bi©*ttt**ot, jlWBJB2#<D^i/aR/Ufc 

[it*3S4 4] w*jS4 smmommxhix, mmv-^-^Mt 
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hikes— Ki:totf i og«'S/-4r^*a#u"c y-*v 

580=1— K (CRC) Sr^t?*j£o 
ft l l ©«^S**»nfc+^fctt^#/^* l ©MtelffK: 

, ft i <om&mt-m2<Dmm&mm^mtci-m^amm<ommm^x 9 its 3 

13ft 2 ogfStoflMMaBP J: 0 

ft 1 CD^yHtlE^- KlcftoT^ 1 <DS«->— ^V^Sra^UTft**** 

i-5 y-^^-^y^^ i coi/y^/u^ft i ©JSjEttSrSSfe-ra^^ y ^ ( 9 

20) 

ft 1 co $/y tf/wm 1 J: 9 tt« £ tifcft 20x7 IE =* - Kfcft 

otl 2©a»^- y UC. ft 1 ^yy^coft 1 0>«£<HS3f£<0 

/(9 4 0) 4:, 

M»*I5 0] lf*3S4 9|B«<Z)*S-C*>o"C, ftl<0g#v— 
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•g-lCliy-^v'— *r>-*<Dg52 ©W^rof 1 y^S: 
[S5#JS5 1] »*«4 9S«»*)£T?&oT, $Sl*5.k<J t 3S2rogffiv' 

[S»#JS5 4] it#*5 2iEiSO^)!feT?fcc l -C, Ilti<t:y»2ffl«-gffl 
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